Background: Chlamydia is a bacterial infection that has long plagued humanity as the most commonly contracted STD and is caused by Chlamydia trachomatis. With the emergence of HIV/AIDS, sexually transmitted diseases have also re-emerged as a grave public health problem, particularly in developing countries. Updated Information about the relative frequencies in developing countries is sparse. This study aims at establishing the relative occurrence of chlamydia using real time PCR technique in the Vhembe District of South Africa where reports on the prevalence of chlamydia are not available.
Background
With the appearance of HIV/AIDS, sexually transmitted diseases (STDs) have re-emerged as a grave public health problem, particularly in developing countries. There is strong evidence showing that the presence of genital ulcer disease and of some non-ulcerative STDs enhances the transmission of HIV [1] . There are more than 20 types of STIs of which genital chlamydia and gonorrhea are the most prevalent throughout the world [2] . Chlamydia is also known as the silent STI due to its lack of symptoms in infected individuals particularly females. Chlamydia infection can lead to serious sequelae such as pelvic inflammatory diseases (PID), tubal factor infertility, ectopic pregnancy and chronic pelvis pain in women [3] . In men chlamydia leads to non gonococcal urethritis (NGU), infection of the epididymis which is called epididymitis or the inflammation of the rectum known as proctitis [3] . Understanding the epidemiology of chlamydia is therefore the first step towards its control.
The prevalence of Chlamydia varies significantly between regions and countries. Studies conducted in Kenya, Zimbabwe, Nigeria and South Africa, have shown that the prevalence of C. trachomatis varied between 6 and 56 % in these countries with most studies reporting prevalence of about 18 % [4] [5] [6] [7] . In South Africa specifically, most studies were conducted using very specialized group of patients mostly all from one gendre like make only or female only samples [8, 9] . The Vhembe District is an immediate neighbor to the Mopani District where a new serotype of C. trachomatis was discovered although no studies have been conducted in the Vhembe District [10] . The primary prevention of chlamydia in the form of health education and secondary prevention through early diagnosis and treatment are important chlamydia control strategies [11] . Also, the improvement in management of STI's can reduce the incidence of HIV infection in the general population [12] . C. trachomatis infection can be effectively cured with antibiotics such as azithromycin or ofloxacin once it is detected, for pregnant women erythromycin or amoxicillin is recommended [13, 14] .
Various methodologies can be used to detect C. trachomatis [15] . Cell culture is considered as the gold standard in the diagnosis of C. trachomatis however the rapid evolution of the DNA amplification techniques (Polymerase chain reaction for example) is leading to the re-evaluations of this standard by the scientific community [16] . Recently a technological innovation that came from PCR namely real time PCR has become more common for clinical diagnostics because it is run in a closed system and it has the ability to generate both qualitative and quantitative results [17] . Their main advantages are the possibility of quantification, along with greater sensitivity, precision and accuracy as well as faster analysis making this technique superior to the other methods [18] . Hence this study aims at establishing the relative occurrence of chlamydia using real time PCR technique in the Vhembe District of South Africa where reports on the prevalence of chlamydia are not available.
Methods

Ethical clearance
The study was approved by the University of Venda Health and Ethics Committee and the Limpopo department of health in Polokwane. Ethical clearance was also obtained from the hospitals where the samples were collected. The objectives of the study were clearly explained to the patients as well as their rights to withdraw anytime and confidentiality. Those who agreed to participate in the research were requested to sign a consent form and complete the questionnaire with the help of a researcher in order to obtain socio-demographic information as well as data about previous sexual experience and the human experimentation guidelines were followed.
Sample collection and processing
Patients attending the HIV clinics in three major hospitals in the Vhembe District including Elim, Tshilidzini and Donald Fraser hospitals as well as students attending the University of Venda HIV clinic for HIV testing and counseling were recruited in the study. All patients presenting at the above mentioned clinics between April and November 2010, were invited to participate in the study. The main reasons for these patients visiting the clinic were generally to get HIV care which include getting their medication, a follow up visit to check for CD4 count etc.… Urine samples were collected from the study participants who had agreed to take part in the study and were labeled with the patient's code, sex, age and the collection date. The samples were taken to the University of Venda Microbiology laboratory in cooler boxes with ice within 4 h of collection for analysis. Upon arrival, samples were centrifuged and the pellet was kept at −20 °C for further analysis.
DNA extraction
Genomic DNA was purified from urine samples using the commercially available blood genomic DNA extraction kit from Sigma Aldrich following the instructions from the manufacturer. The extracted DNA was then stored at −20 °C for further analysis.
Quantitative real-time PCR
Genomic DNA extracted from the urine samples was used in a real-time PCR protocol using the primers previously described targeting the 16S ribosomal RNA of chlamydia with SYBR-Green-490 (Roche Diagnostics) [16] . The reaction was performed in light cycler 480 from Roche Diagnostics. The results were analyzed with a user-defined threshold of 200 PCR Baseline Subtracted Curve-fit Relative Fluorescence Units (CF RFU). The level of positivity of the samples was then indicated by the cycle threshold (Ct) values, which represent the number of cycles necessary for the samples to cross the threshold: the smaller it is, the more DNA is in the samples. All runs included at least two negative controls and one positive control.
Statistical analysis
The analysis was conducted using the statistical package for social sciences (SPSS) program, version 17.1 with the fisher Chi square test and the difference between two variables was considered significant if the P value was less than 0.05. Different analysis including the student t test, the multivariate analysis correcting for confounders such as HIV status, the age of the participants, and the pregnancy status. A regression analysis was also conducted to evaluate the potential correlation between chlamydia infections and the different symptoms reported by the patients. In preparation of the regression model a univariate analysis was conducted and the variables that had a P value of 0.1 or less, were retained for the construction of the regression model. Of all the variables, gender, pregnancy, fever and abortion were the variables that remained. Taking specific ARVs particulary zidovudine, tenofovir and stavudine was associated with a reduction on the prevalence of chlamydia. Following the selection using the univariate model, the variables were taken out of the model in s stepwise protocol and a linear regression was built taking into consideration all the variable that had some impact on the prevalence so as gender, fever, or abortion. Pregnancy was also an important factor.
Results
Distribution of chlamydia in the study population based on demographic characteristics and HIV status
Following amplification, the amplification and melting curves were generated by the Light Cycler 480 II as showed in Fig. 1 . The patients were from different hospitals and a clinic in the University of Venda (Univen). Of the 243 samples collected from as many patients, 78 (32.1 %) were positive for chlamydia. The highest prevalence was found among students in the University with 37.5 %. Female patients had the highest prevalence 39.2 % than males 15.5 % and the difference was statistically significant (P = 0.001). Based on the marital status, widowed patients were the most infected with 46.7 % prevalence and the least infected were the singles with 27.5 %. Most people who were infected were between 25-45 years the least infected were 24 years and younger but the difference was not significant (P = 0.313). The patients' HIV status did not seem to have an impact on the prevalence of chlamydia in the study sample although only eight HIV negative patients were tested. However, ARV treatment seemed to have a positive impact. In fact among the HIV positive, those who were not taking ARV's had the highest prevalence 38.1 % than those who were taking them 28.5 %. The results are presented on Table 1 . The effects of the different antiretroviral drugs were evaluated on the occurrence of chlamydia. However, none of the drugs used had a significant impact on chlamydia ( Table 2) . Pregnant women had the highest prevalence of chlamydia compared to men and non-pregnant women and the difference was statistically significant ( Table 3) .
Impact of education and income status of patients on the prevalence of chlamydia
Based on education level and income of the household head, participants who indicated that they had an income of less than Rands 1000 per month appeared to be slightly higher prevalence of chlamydia (35.4 %) compared to those who had a higher salary (31.3 %). However, the difference was not statistically significant (P = 0.425). Most of the participants who had more than six dependents were more infected (35.4 %) compared to those who had between two and three dependents. Participants who went to secondary school were more infected (35.9 %) than those who went only to primary school (26.6 %). The results are indicated on Table 4 .
Prevalence of chlamydia in relation to other symptoms experienced by the patients
In relation to the symptoms reported by the patients at the time of sample collection, chlamydia was detected most among patients who reported to have had STI's with 26.0 %, vision problems with 32.6 %, sores on lips with 31.4 %, rash in genitals with 29.6 % and blind spot with 30.8 % ( Table 5 ). The level of CD4 count as well as the viral load did not seem to affect the prevalence of chlamydia in the study population. Of all the conditions reported by the patients only alergy was significantly statistically associated with high prevalence of chlamydia (Table 5 ). This association persisted even after the data was segregated by gender. More male patients with allergy had chlamydia compared to males who did not report any allergy while females who reported any type of allergy were significantly more infected with chlamydia.
Prevalence of chlamydia in relation to the sexual behavior of the participants
Patients were asked in the questionnaires about their sexual behavior, this included the age at first sexual experience, number of partners since first sexual experience, number of partners in the previous year and condom use. Patients who indicated that they had their first sex at an earlier age (between 12 and 15 years) had the highest prevalence (43.8 %). Patients who indicated that they had 1-4 partners since their first sexual experience where more infected (37.2 %) while those who indicated that they had more than 10 partners were the least infected (30.0 %). Patients, who had only one sexual partner in the previous year, were mostly infected (38.6 %) more than those who had 5 or more partners (28.6 %). People who indicated that they use condoms sometimes were more infected (44.7 %) than those who never use condoms (30.8 %) and those who always use it (28.9 %), but the difference was not significant (P = 0.262). The results are recorded in Table 6 . 
Discussion
Chlamydia has been identified as an accelerator in the transmission and acquisition of HIV [19] . Most women and about half of men with chlamydia do not experience symptoms [20] . Since symptoms may not be present, the only way to know if a person who may be at risk, is infected with chlamydia is to be tested. In the present study, 243 urine samples were collected and tested by real time PCR. The overall prevalence of chlamydia in the present study is higher compared to those described in other parts of South Africa even when similar population (HIV positive) was used [21] . The prevalence of C. trachomatis was significantly higher in female patients (39.2 %) than in male patients (15.5 %) (P = 0.001). This could be due to chlamydia being asymptomatic in most cases particularly in females who therefore do not test and get treated. Similar results were obtained in a study on chlamydia prevalence in the general population in Netherlands were the prevalence was high in females than males [22] . Another study in Estonia found a high prevalence of 48.0 % in females than 32.0 % in males [23] .
In Tanzania a study on the prevalence of HIV and C. trachomatis infection in 15-19-year olds in rural Tanzania found a prevalence of 2.4 % in females and 1.0 % in males. However other studies have shown a nonsignificant difference between males and females [24] . For example a study in the United States on gender and age disparities in the prevalence of chlamydia infection among sexually active adults found that the observed difference in CT prevalence between females and males was not statistically significant (1.6 vs. 1.7 %) with the P value of 0.8 [25] . In high risk groups, chlamydial infection was found to be correlating with various socio-demographic characteristics, such as low education or being single. These associations are far less significant in the general population and tend to incorrectly classify many women at high risk of chlamydial infection, and therefore reduction in screening effectiveness [26] .
In the present study, we found that widowed and divorced individuals had more CT infections compared to unmarried people. This situation is contrary to those described by other authors who found higher prevalence among single people compared to married people. A study by Kolvstad and his colleagues showed a higher prevalence of CT among single women (6.6 %) compared to married women (0 %) [27] . However, a study in Jos, Nigeria among gynecologic clinic attendees found a higher prevalence of chlamydia in married women (38.41 %) compared to single women (17.07 %) and the divorced (0.61 %) [28] . In our study, a higher prevalence was observed among widowed patients (46.7 %) although the difference was not statistically significant (P = 0.262). These differences could be due to different populations dynamics in these countries, as well as the type of study population used. In another study, younger age, living alone or with persons other than partners/family members, engaging in unprotected vaginal intercourse (UVI) and having other STIs seemed to be associated with higher risk of CT infection [29] . Similarly, being divorced/widowed and working in middle/low-level venues were identified as additional risk factors for other STI's such as gonorrhea.
Younger patient's age has been associated with greater risk of chlamydia [30] , because the cervix of teenage girls and young women is not fully matured and is probably more susceptible to infection, they are at particularly hi particularly high risk for infection if they are sexually active. Previous studies have demonstrated that C. trachomatis infection is most common in people aged less than 25 years, with rates decreasing thereafter [31, 32] . In the present study, the prevalence was found to be high among people aged between 25-45 years (35.6 %). Similar results have been reported by previous studies in the African continent. For example, a high prevalence of 43.9 % was reported in people of between 26-30 years in a study on the prevalence of chlamydia in patients attending gynecological clinics in South Eastern Nigeria [33] . A previous study in Mpumalanga Province found a high prevalence of (47.9 %) in male and (52.8 %) in female miners particularly those who were aged between 46-50 years old [34] .
In the present study, out of 235 HIV positive patients a 31.9 % prevalence was found. There were only 8 HIV negative patients, among whom 3 (37.5 %) were chlamydia positive. This could mean that the prevalence of chlamydia is not always associated with the reported HIV status. Similar results were obtained in the Mopani District South Africa in a study on prevalence of chlamydia and gonorrhea among HIV infected women in rural Mopani District [35] . The use of ARV also appeared to have effects on the infection rate because the percentage was high in HIV patients who were not taking ARV's (38.1 %) than those who were taking it (28.5 %), therefore antiretroviral therapy could be helpful in reducing the risks and sequelae of chlamydia infection. Socio-economical status of study participants has often been cited as risk factor for the occurrence of several diseases. In our study, we found that the prevalence of CT was higher among people who admitted to having an income of less than 1000 Rands per month (35.4 %) although the difference was not significant (P = 0.425). This correlates with a study that was conducted in the United States by Klovstad et al. [27] , where the percentage in people who were unemployed was higher compared to those who were employed but also the difference was not significant. In our study a prevalence of 35.9 % was obtained among people who only studied until secondary school although the difference was not significant with other educational levels. Beydoun and colleagues [25] reported a higher prevalence in people who studied until high school only (4.8 %) compared to those who studied further until tertiary (0.8 %) and the difference was significant (P = 0.004).
People who had their first sexual intercourse at an early age were at higher risk of infection. We found the highest prevalence of chlamydia among people who started being sexually active between 12-15 years (43.8 %) although this difference was not statistically significant (P = 0.153). A study in Belgium focusing on chlamydial opportunistic screening in general practice found a significant difference (P = 0.008) between people who had their first sexual intercourse at a younger age [26] . Similarly, Mawak et al. [28] , found high prevalence among people who had their first sexual intercourse at ages between 15-19 years, but the difference was also not significant (P = 0.147). People with multiple sexual partners in the previous year appeared to have more infection [27] . Although number of sexual partners has been found to be statistically associated with C. trachomatis infection in other studies, Mawak and his colleagues reported that 37.2 % of people with multiple sexual partners tested positive for chlamydia but the difference was not statistically significant [28] . In the present study a high prevalence was found among people who indicated that they had had only one sexual partner in the previous year (38.6 %). Verhoeven in 2012 reported a prevalence of 17.9 % in people who had more than 6 sexual partners in the previous year with the difference being statistically significant P = 0.000 [26] . In a population based survey in Estonia on the prevalence of chlamydia, the number of sexual partners in the past 12 months was the strongest predictor of the infection because participants with 2 or more partners had the highest prevalence (11.8 %) when compared to those with only one sex partner (3.8 %) and the difference was statistically significant (P = 0.002) [23] .
Previous epidemiological studies reported that unprotected sex was one of the major causes of sexually transmitted infections and a modifiable risk factor. In 2012 Dubbink and colleagues also reported a higher prevalence (40 %) in people who did not use condoms in the Mopani District South Africa [35] . In our study, a high prevalence was found in people who indicated that they use condoms sometimes (44.7 %) compared to those who said they use condoms always (33 %), however the difference was not statistically significant (P = 0.262). A prevalence of (4.41 %) in people who never use condoms was found in Cameroon [36] . Klovstad and colleagues [27] also reported a higher prevalence (10.1 %) among sexually active men who have unprotected sex.
In the present study we also looked at the potential associations between CT infections and other clinical characteristics that the patients had experienced such as genital warts, sores on genitals, sores on lips, rash on genitals, mouth rash and history of other STD's, associations with the infection were noted. A non-significant incidence of 7.5 % in people with genital warts has been previously reported [27] . Presence or history of other STD's has also been identified as a risk factor for CT [29] . Similar outcomes were obtained by Ngadjio and colleagues [36] who found that people who had history of other STI's had 6.19 % prevalence compared to 2.43 % among people who did not have other STI's [34] . A previous study in Mpumalanga, South Africa on measuring the impact of HIV and STI's in a community in a coal mining town, found a prevalence of 19 % in people who had a history of other STI's. History of other STI's was also reported as one of the risk factors for the chlamydia infection with 41.46 % which was statistically significant [28] . Other conditions such as pregnancy, history of abortion, miscarriage also appear to be in relation to the chlamydia infection. Mawak and colleagues reported on history of abortion (26.22 %) as a result of this infection [28] .
Conclusions
In conclusion, the prevalence of Chlamydia was determined in HIV and AIDS patients in the Vhembe District. The prevalence was higher among young people and this emphasizes the need to enhance STI control among all young people. The use of ARV appeared to be beneficial in reducing the prevalence of chlamydia among HIV positive patients. However further studies are needed in the general population both HIV positive and HIV negative persons to further determine the impact of these infections in the community. Authors' contributions TM M participated in the bench work, and drafted the manuscript. AS designed the study, participated in the bench work, analyzed the data and reviewed the manuscript for important literature material. Both authors reviewed the final manuscript for submission. Both authors read and approved the final manuscript.
